Enals are knownfor their microbicidal, anti-viral, antitumor1~3) and anti-mutagenic biological activities.40 These activities have been explained on the basis of a Michael addition of enals with the basic moieties of biologically important constituents of organisms like enzymesand nucleotides.1 <4b)
4-Hydroxyenals (1) have been described as showing enhanced activity toward microorganisms and tumor cells.1 "3' The biological activity of 4-oxo-2-enols (2) is also interesting from these view-points. Recently, manyreports on the synthesis of y-oxygenated a,/?-unsaturated carbonyl compounds have been published.5' The synthesis of 4-hydroxyenals (1) has only be described a little3' 6' 7' and of 4-oxo-2-enols (2), even less.
(£)-8a> and (Z)-4-hydroxy-2-enals8a'b) and (Z)-4-oxo-2-enols8c) are unstable under acidic conditions and are regarded as intermediates for furans. Under basic conditions in methanol, carbonyl compounds (1) and (2) were also unstable and formed adducts with methanol as described in this paper. We describe here an easy synthetic method for (£)-4-hydroxy-2-alkenals6) (1) and (£)-4-oxo-2-enols (2) via a Grignard reaction of (£)-4-tetrahydropyranyloxy-2-butenal (3) with alkylmagnesium bromides. The 4-hydroxy-2-butenal6a) moiety, the key structure, was prepared from 2-butene-1,4-diol (4). Diol 4 (a mixture of the E and Z form, 7: 3) was partially acetylated with acetic anhydride in dimethyl formamide and methylene chloride which was catalyzed by a small amount of pyridine at -20°C to room temperature, to yield a mixture of the monoacetate and diacetate in the ratio of 40:60 by NMRanalysis. Aldehyde 3 was made to react with alkylmagnesium bromides to yield (£')-4-hydroxy-l -tetrahydropyranyloxy-2-alkenes (6, 70% yield).
(£)-4-oxo-2-enols (2) were prepared from 4-hydroxy derivatives 6 by a Swern oxidation11* or PCCoxidation10) of the secondary hydroxyl group into the keto group, with subsequent hydrolysis of the THP group by p-to\u-enesulfonic acid (/?-TsOH) in 85% THF (65°C, 8 hr).
The (is)-4-hydroxy-2-enals6) (1) were also prepared from 4-hydroxy derivatives 6. The C4-hydroxyl groups of 6 were acetylated and the tetrahydropyranyl groups of the acetates were hydrolyzed to yield alcohols 7 (quantitative).
The terminal alcohols were then oxidized by Swern oxidation to give (£)-4-acetoxy-2-enals (8, 80-95% yield). Treatment of (£)-4-acetoxy-2-undecenal (8b) with 5% potassium carbonate-methanol at room temperature (30min) gave a mixture of lactol 9 and 4-acetoxy-3-methoxyundecanal (10). Thus, 4-acetoxy-2-enals (8) were transformed into 4-hydroxy-2-enals (1) by a similar procedure to that described in the literature.2) Bis(3-formyl-l-hydroxy-2-propenyl)alkanes (14) were also synthesized by a Grignard reaction of the respective polymethylene dimagnesium dibromides with aldehyde 3 and successive treatment as just described.
By a quantitative bioassay4 12) of antimutagenesis using UV-induced mutagenic E. coli WP2B/r Trp', the AD50 value of decenal13) was 1 3 /ig/ml, 4-hydroxy-2-tetradecenal (Id), 8.2 /ig/ml, and 4-oxo-2-tetradecenol (2d), 50^g/ml.
Since the AD50 value of cinnamic aldehyde4a) has been described to be about 20/ig/ml, Id was the most active among the a,/?-unsaturated aldehydes. Amongthe ketonic compounds, 2,2-dimethyl-5-vinyl-3-furanone has been described to haveAD50 =0.9 /zg/ml.4) 2d was less active. The mutation frequency4) of l l-formyl-undeca-2, 10-dienal14) and l ,5-bis(l-hydroxy-3-formyl-2-propenyl)pentane (14) was constant in concentrations of 0.2 to 40/ig/ml, although the number of colonies of UV-induced Trp+ cells decreased to about 1/2 at 40/ig/ml.15)
Experimental
Melting points (mp) are uncorrected. IR spectra were recorded with a Jasco IRA-1 spectrometer, and NMR spectra were measured with a Bruker AC-250 (*H, 250 MHz; 13C, 69.2 MHz) spectrometer with tetramethylsilane as an internal standard. A description of the peaks due to the THP group and the alkyl chain moiety is omitted with regard to most of the compounds. The purity of products 1, 2 and 14 was above 91% by NMRanalysis. High-resolution MSwere taken with a Hitachi M-80B spectrometer, using a Hitachi data processing system, compounds 1, 2, 3, 5, 9 and 10 showing reasonable spectra by precise MSanalysis.
4-Tetrahydropyranyloxy-2-butenal (3).
2-Butene-l,4-diol (4, 100g, 1.14mol) was dissolved in dimethyl formamide (100 ml), methylene chloride (100 ml) and acetic anhydride (1.37 mol). To the solution cooled at -20°C was added pyridine (5ml). The reaction mixture was placed for 24hr in an ice bath, and the temperature was gradually raised to 17°C, before extracting with EtOAc and water. The organic layer was washed with NaHCO3 and water, and dried over MgSO4.After evaporated the solvents, the residue (108 g) obtained was mixed in dihydropyrane (60ml), and PPTS (200mg) was added to the mixture. After 2hr, 15% NaOH-65% EtOH (150ml) was added, and the mixture was allowed to stand for 5 hr before the solvents were evaporated. After adding sat. NaCl solution, the products were extracted with EtOAc, the organic layer being washed with water and dried over MgSO4. were added to aldehyde 3 (5.88 mmol) in THF at 0°C with stirring, stirring being continued at 50°C for 30 min. After cooling, the usual work up gave alcohols 6 or ll (70-85% yields) by extracting with EtOAc. IR vmax (film) cm"1: 3400 (OH), 1640 (C=C), 1040 (C-O).
4-Oxo-2-alkenols (2)
The secondary alcohols of 6 were oxidized by Swern oxidationll) in the usual manner to give enones (85-97% yields).
IR vmax (film) cm"1: 1670 (C=O), 1635 (C=C).
The THP groups of the enones (50 mg) were hydrolyzed in 85% THF (5 ml) with small amounts of/?-TsOH (5 mg) at 65°C for 8 hr. After cooling, the products were extracted with EtOAc. The organic layer was washed with NaHCO3 and sat. NaCl, and dried over Na2SO4. After evaporating the solvent, the oily product (90-95% yield) was separated by silica gel TLC (hexane-EtOAc = 5 : 1, 2 developments).
To prevent the conversion of 2 into furans, the silica gel collected was stirred in EtOAcfor 30sec, and the extract was washed with NaHCO3and water, before drying over Na2SO4. Evaporation of the solvent gave pure 4-oxo-2-enols (2, 60-75% yields Alcohols 6 afforded the ketones by PCC oxidation10) (82-93% yield).
4-Acetoxy-2-alkenals (8) and bis(l-acetoxy-3-formyl-2-propenyI')alkanes (13) Alcohols 6 and ll were acetylated with acetic anhydride/pyridine in the usual manner to yield their acetates (75-87% yield) after purification with a silica gel column.
The acetates were treated with PPTS in EtOH at 65°C for 8 hr to yield alcohols 7 and 12 (70-95% yield). Alcohols 7 (2.33mmol) and diols 12 (1.17mmol) Treatment of the acetoxyenal 8b with 5% K2CO3-80% MeOH gave two compoundson TLC. Separation of the products with TLC yielded lactol 9 (28.7% yield) and 4-acetoxy-3-methoxyaldehyde 10 (26.9% yield).
Lactol 9: IR vmax (film) cm"1: 3420 (OH), 1100 (C-O). [193.55-193.66 ]. Bis(3-formyl-l-hydroxy-2-propenyl)alkanes (14) showed similar signals to those of 1 on IR and NMRspectra.
